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Nitride Metamorphosis 
the Boston MRS Meeting 
& More 
The Fall 1996 MRS Meeting was held amid the customary chills and snow of the Boston winter. 
However, by using the intricacies of the shopping malls and hotel foyers a dedicated attendee 
did not need to venture outside except to travel to and from the airport. According to 
conference staff, the meeting was a resounding success with over 4000 attendees, a 
missed record attributed to last minute overseas cancellations due to "lack of funds." 
F 
or gallium nitride it was even 
more significant, this once slee- 
py back room materials ystem 
had been forced into the forefront of 
technology by material propert ies 
and a market demand for blue LEDs. 
A significant metamorphosis had oc- 
cur red  be fore  the  conference  
opened, the Nitride Meeting, Sympo- 
sium AAA, had become 'q'he First 
International Symposium on Gallium 
Nitride and Related Materials" or 
ISGN, the First European GaN Work- 
shop was announced for June 2nd to 
4th 1996 and ISGN-2 will lead us to 
somewhere in Japan in 1997, and the 
International Journal of Nitride Semi- 
conductor Research had been an- 
nounced by the MRS. 
Befitting its new moniker, ISGN-1 
was also very successful from the 
level of support for nitride technol- 
ogy, since there were estimated to be 
over 400 attendees at the early 
sessions of Symposium AAA, mainly 
dedicated to gallium nitride LEDs and 
devices. This must be a record. The 
'triple-A' designation for this meeting 
was a perfect rating for this very busy 
symposium with enough papers to fill 
5 days plus four nights of poster 
sessions. This attendance level was 
about double that of any prior nitride 
meeting, with some attendees being 
new to the field. 
On the commercial side, relatively 
small, local exhibits were set up at 
this conference, close to their related 
symposia. The arrangement was in- 
tended to give focused coverage in 
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Figure 3. Schematic structure of the bright blue InGaN LEDs marketed by Nichia Chemical 
Industries. 
close proximity to the sessions, but 
the long distances between locations 
made it difficult to visit other ex- 
hibits. For GaN, the reliable suppor- 
ters  were  there:  - ARPA, Air 
Products and Chemicals, AIXTRON, 
Akzo, Army Research, Cree Research, 
Crystal Systems, EMCORE, Hewlett- 
Packard, JEOL, Morton, NSF, ON1L 
Rockwell and Thomas Swan. 
"The meeting covered a wide range 
of topics from new etching and layer 
growth processes, to high speed and 
high temperature electronic devices, 
to red, green and blue emitters, to 
bulk materials and to the now com- 
mercial topic of how large are the 
markets for blue/green GaN-based 
LEDs and what are the prospects as 
the price declines? 
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Although the blue/green GaN emit- 
ters are getting most of the publicity, 
nitride based electronic ircuit devel- 
opment is also receiving a significant 
level of funding and work effort, 
spurred on by the potential for high 
temperature  and rugged perfor-  
mance applications. A comparative 
performance of GaN electronic de- 
vices with gallium arsenide and sili- 
con carbide MESFETs is presented in 
Figure 1. The data shown is a good 
indication of the future potential for 
GaN based "electronics". 
The symposium material, gallium 
nitride, is a hard, stable, and high 
melting point material, a desirable 
property for a semiconductor sub- 
strate. However, these same proper- 
ties often make device production 
difficult with only low quality bulk 
grown material available, difficult 
etching characteristics and unsuita- 
ble cleavage planes for laser produc- 
t ion be ing  some of  the more  
important considerations. 
The following GaN-data should 
serve to highlight the difficulties 
associated with growing bulk GaN 
crystals from gallium and nitrogen. 
The estimated melting point of C_caN 
is 2800°C at which the nitrogen over 
pressure is 45 000 atmospheres. This 
drops to 10 000 to 15 000 atmo- 
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Figure 1. A compilation of the current gain cut off frequency of GaN-basod and SiC based FET 
like devices.Courtesy of 5. Binari of NRL. 
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Rgure 2.Output power versus injection current from Nichia 40Ohm to 590 nm LEDs. 
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1500°C. With a nitrogen solubility in 
gallium of less than 1%, it is not 
surprising that even small 5 mm 
diameter crystals are hard to make. 
Thus hetero-epitaxial gallium nitride 
layer growth is currently used for 
device manufacture. Thus it is also 
not surprising that in addition to LPE, 
MBE and MOCVD growth techni- 
ques, the use of plasma to activate 
nitrogen for layer growth was one of 
the methods widely reported.  A 
different growth method reported 
was 'supersonic jet epitaxy', which 
has been successfully used to grow 
GaN on sapphire in the 600C range 
and cubic silicon carbide on silicon at 
800°C. (Should this process occur on 
certain flights between London and 
New York?). 
For nitride based devices the lack 
of a bulk substrate still poses a 
continuing problem, even though 
useful devices are being made on 
sapphire, silicon carbide, gallium ar- 
senide and other substrates. Unfortu- 
nately, lattice dimension and thermal 
expansion matching is not as easy for 
gallium nitride alloys as it was for 
gallium arsenide ven if or when bulk 
substrates become widely available. 
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Because lattice constants change 
more rapidly with changing alloy 
composition than in other semicon- 
ductor  materials systems, lattice 
matching becomes a moving target 
during device fabrication, almost ex- 
cluding the desired result. On an area 
basis sapphire substrates are still the 
most widely used for the growth of 
nitrlde devices, in part due to quality, 
but mostly due to its lower cost and 
to its transparency for LED emission. 
Were there any lingering doubts 
about the viability of gallium nitride 
as a commercial device material, the 
nitride symposium at the Boston MRS 
meeting must have dispelled these 
doubts. - Although only first re- 
ported four years ago, the era of large 
scale production and application of 
blue and green nitrlde emitters has 
arrived! However, it should not be 
forgotten that it took a chemical 
Hi 
O~ 
company, Nichia Chemical Industries 
of Japan, to develop it. Recently 
reported performance data for this 
LED family is provided in Figure 2. 
and these blue and green LEDs have 
already taken a significant market 
share. A schematic of this commer- 
cially important family of LEDs is 
shown in Figure 3. 
Prior to the development of the 
stable nitride LEDs the accepted 
theory was that the high materials 
defect levels in III-V materials would 
restrict hese LEDs to short lifetimes 
and poor stability. Fortunately for 
blue emitters, GaN materials defects 
behave differently from arsenides and 
phosphides and the versatile GaN 
materials system now tan be used 
to fabricate the whole spectral range 
of LEDs, from violet to red. 
Since the development of solid 
state LED devices over 25 years ago, 
there has been a pent-up demand for 
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Figure a. Schematic diagram showing evolution of LEDs during the period 1960 and on.Courtesy 
blue) to obtain full colour (including 
white)  multi-pixel displays for a 
variety of industrial and display appli- 
cations. High brightness blue LEDs 
based on indium gallium nitride, now 
allow the manufacture of commercial 
displays for outdoor use. These were 
only made possible by rapid reduc- 
tion in the cost per lumen of blue 
LED light that began with the intro- 
duction of candela class blue-LEDs in 
1993. Figure 5 provides an illustra- 
tion of this dramatic cost reduction 
during the last seven years. From this 
graph it can be seen that the price of 
$1 per pixel is not far away. As prices 
continue to decline to below the $1 
per pixel level, the almost unlimited 
potential of full colour LED displays 
will be unlocked. 
Examples of full colour outdoor 
displays using blue gallium nitride 
LEDs were reported to be in Shibuya, 
Japan, and one as large as 10 by 15 
metres in South Korea. It will be 
difficult for most of us to personally 
inspect these masterpieces of adver- 
tising art since they are all located in 
the orient. However, the author of 
the paper noted that the west was 
well represented -- American mod- 
els often feature prominently in the 
displays; no pun  intended! In the 
non-blue markets high brightness 
green LEDs are finding worldwide 
acceptance (except for the US) for 
road and rail signals, a market shared 
of Dr. S. Lester of Hewlett Packard Laboratories. 
efficient blue emitting chips. The 
need for an efficient blue emitter 
increased over time as the spectral 
range and the light output of LEDs 
increased along with the develop- 
ment of better materials and pro- 
cesses. Figure 4 provides a graphic 
illustration of the evolution of the 
LED that has led to today's high 
performance emitters. The evolution 
continues and as the figure shows it 
now includes organic LEDs as the 
low man on the totem pole. But, they 
are only low in the brightness cate- 
gory; their potential efficiency in 
lumens per Watt is quite high. 
There has always been a require- 
ment for a simple blue LED lamp, but 
the real commercial need is display 
driven - the need to combine the 
three primary colours, (red green and 
LED Type Market Average Price 
($millions) per Pixel ($) 
Blue and Green * 100 4.00 
GaN & InAIGaP 
High Brightness 100 0.50 
red and yellow 
Lower Output 
red - yellow - green 2000 0.07 
• CdZnSse LEDs are available but not commercially. 
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with the III-V phosphide-based LEDs. 
With annual III-V device sales 
estimated to be over $4 billion, the 
market share of the blue and green 
LEDs is still a very small fraction of 
the total LED market. However from 
a total dollars standpoint the market 
value is becoming quite significant, 
probably about $100 million in 1996, 
but less than 5% of the total LED 
market. Table 1 provides a compar- 
ison of the estimated 1995 market for 
LED devices. As the efficiency of blue 
LED production is improving, prices 
are heading toward the $1 per pixel 
range and lower, with annual growth 
rates in the 50% range. In anticipa- 
tion of pixel prices below $1, the blue 
LED market should soon exceed one 
billion units per year, and with the 
advent of stable blue diode lasers, the 
blue (and green) emitter market will 
become an important segment of 
world commerce. The market values 
of the total world LED market are 
equivalent o about 35 billion units 
per year. Quite a consumption for 
only 5 billion people in the world. 
A graphic representation f the full 
potential for short wavelength appli- 
cations is presented in Figure 6. 
There are several very large markets 
for these LEDs, specifically, auto 
interiors and exteriors, traffic and raft 
signals, and indoor and outdoor dis- 
plays. The high brightness nitride 
LEDs will have to share some of 
these markets with the "conven- 
tional" LED. 
The key issues for III-V nitride laser 
diode development are listed below. 
• improve p-type dopants 
• reduce dislocation densities 
• strain limitations 
• suitable lasing structures 
• preparation of cleaved surfaces/ 
mirrors 
• the need for process alternatives 
• ohmic contacts 
• substrates (mismatch and thermal 
expansion) 
All of the above are being studied 
and the information market still 
needs its blue lasers to make much 
higher density information storage 
disks. The II-VI blue/green lasers are 
not yet stable enough, but no GaN 
injection lasers have been reported. 
But, the latter have been promised 
for a March announcement in Japan! 
Obviously a bright blue future is still 
in store! 
Several technical issues were raised 
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Figure 5. Plot of the cost of one lumen of blue light generated by SiC and GaN LEDs with year 
covering the period 1988-1996.Courtesy of Dr. 5. I.ester of Hewlett Packard Laboratories. 
in Boston:- is there a preference for 
MBE or MOCVD layer growth pro- 
cesses for laser development? Both 
methods were compared, with US 
workers using silicon carbide sub- 
strates versus sapphire in Japan. 
Optical pumping efficiencies were 
low (less than 1%) and currently 
MOCVD layer growth would be pre- 
ferable since MBE grown devices 
suffered from much higher threshold 
values (by a factor of ten). 
A second concerned the p-doping 
of GaN-based systems, which is not as 
facile as for the III-V arsenides and 
phosphides. Hydrogen forms com- 
plexes with magnesium in GaN as 
with other materials ystems and this 
is driven off during the activation 
anneal. However, higher levels of 
magnesium doping (over 1019) ap- 
pear to be inhibited in the Group-III 
nitrides by the formation of magne- 
sium nitride precipitates 
Other novel items reported for 
gallium nitride related materials are 
listed below. 
• the generation of a negative elec- 
tron affinity, stable for long air 
exposure; 
• field emission similar to diamond; 
• the production of a multicoloured 
output LED chip by ion implanta- 
tion with zinc; 
• low resistance ohmic contacts; 
• three dimensional nanostructures 
grow on silicon carbide dot sizes 
from l Onm to 2 micron, dot den- 
sities 10 7 tO 10 9 per square centi- 
metre. 
• high gain, low resistance photo- 
conductor with a flat response 
between 200 and 36Onto; 
• halide VPE layer growth, best qual- 
ity at 1020°C; 
• possible benefits from the use of 
nitrogen as an MOCVD carrier gas; 
• pumped GaN laser with 1% exter- 
nal efficiency; 
• one candela green and two candela 
blue LEDs 
• ammonia as a precursor for nitro- 
gen is "still too wet" 
The lack of bulk grown substrates 
for nitride layer growth has created a
higher than usual interest in other 
substrates. In addition to the main 
ones mentioned earlier, other single 
crystal substrates are being evaluated 
with lattice matches ranging from 0% 
to 10%. They include metals such as 
hafnium and a wide range of oxides 
and oxide salts (zinc oxide, lithium 
aluminate, magnesium aluminate, 
lithium germanate and lithium gal- 
late, the latter being an almost 
perfect lattice match for GaN). 
In conclusion more and better blue 
LEDs are available but no blue nitride 
lasers were reported here; promises 
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Rgure 6. Schematic diagram of short wavelength LED applications to various spheres of life.Courtesy of Dr. S.I. Letter of Hewlett Packard 
Laboratories. 
have been made for a Chiba debut. 
(However, Dr Nakamura and co- 
workers of Nichia Chemical Indus- 
tries announced a blue laser on 
December 2 1995. See Jpn~ J. App. 
Physics Jan 15 1996 issue, ARM). 
For further reading a comprehen- 
sive technical review of Group-HI 
nitrides "Progress and Prospects of 
Group-III Nitride Semiconductors" 
by S. N. Mohammad and H. Morkoc, 
will soon be available in "progress in 
Quantum Electronics" from the Pub- 
lishers Elsevier Science. 
Dr GaAs, 
reporting from Boston. 
FOOTNOTE: "Dr GaAs" is a nom de 
plume of Dr Alan Mills who is an 
independent US-based consultant 
specializing in advanced materials 
and processed markets. He can be 
contacted on tel/fax: [1] (415) 968 
2383 / 8416. 
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